Abstract. We generalize a fixed point theorem of B. Brosowski and S. P. Singh to multi-valued non-expansive maps in Banach spaces with convex structure. Such maps have applications, for example, in game theory and in the mathematical modelling of some economical problems.
F (A, x, F(M, y, z)) = F (A + (1 -A) M , F (A + (1 A -A)y "' Y) , z) (1)
F(A,x,x)=x . (2) for A, ,u E [0,1] with A + (1 -A)ji 54 0 and x, y, z E C. From (1) and (2) it follows that
F(1xY)=x} (x,yEC). (3) F(0,x,y) = y
The general theory of convex structures has applications, for example, in game theory and mathematical economics [10] , but also in some problems of colour vision and petroleum engineering [4, 7, 8] . A nice survey on basic properties and applications of convex structures may be found in [5] .
Obviously, every convex set C in a normed space X gives rise to a canonical convex structure by putting F(A,x,y) = Ax + (1-A) In what follows, we assume throughout that the convex structure F is regular in the sense that
for A 
is non-empty and F-starshaped.
(
ii) The map f is non-expansive on D with respect to the Hausdorff metric h on X,
and f(D) is compact.
Then f has a fixed point closest to xo.
Proof. Observe first that all points x E D must belong to the boundary c9C of C. 
In fact, if x
YE Az) 
since F is regular and f is non-expansive on D. We conclude that the map I,, is a multi-valued contraction, and thus, by Nadler's fixed point theorem [6] , there exists X,, E D such that x. E f(x). Now we employ the hypothesis that f(D) is compact and choose a subsequence (xjk such that X flk -i x. as k -. The relation x,, E fnk( r nk) means that X n k = F( \ flk, yflk, p) for some Yn, E f(xfl k ), hence Ynk -Y for some y E f(x,). By the continuity of F, this implies that
From (8) we conclude that
which shows that x, is a fixed point of f in D, since D is closed U Our theorem may be considered as a generalization of a fixed point theorem of S. P. Singh [9] (where I is single-valued and C is star-shaped in the usual sense) which in turn extends a fixed point theorem of B. Brosowski [1] (where f is linear and C is convex). Moreover, some results of our recent paper [2] may be regarded as special variants of the above theorem for single-valued non-expansive maps f.
